of prematurity among very low-birth-weight infants in China: incidence and perinatal risk factors. Invest Ophthalmol Vis Sci. 2018;59:757-763. https://doi.org/ 10.1167/iovs. PURPOSE. Retinopathy of prematurity (ROP) is the leading cause of blindness in children worldwide. This study aimed to determine the incidence and perinatal risk factors for ROP in very low-birth-weight (VLBW) Chinese infants.
R etinopathy of prematurity (ROP) is a vasoproliferative disorder that develops in the retina of infants born prematurely, and was first described in the year 1942 by Terry. 1 With the improvement in the survival rate of premature infants in the last decade, the number of infants with ROP has increased worldwide. 2 To date, ROP has been a leading cause of childhood blindness, particularly in the middle-income developing countries in Asia. 3 Compared to developed countries, bigger and more mature infants in China also develop severe ROP, so early diagnosis and timely treatment are important for preventing the progression of ROP. 4, 5 Nevertheless, there are limited studies among preterm infants in China.
Over the years, immaturity and high concentration of oxygen therapy were previously thought to be important contributory factors to the development of ROP. 6 However, not all premature infants develop ROP after prolonged exposure to supplementary oxygen. Several studies suggest that ROP is a multifactorial disease involving many prenatal and postnatal factors or neonatal therapies, such as maternal hypertension, multiple births, male sex, respiratory distress syndrome (RDS), apnea, sepsis, intraventricular hemorrhage (IVH), blood transfusions, and genetic factors. [7] [8] [9] In many of these studies, the results were often controversial. The aim of this study was to analyze the potential perinatal risk factors for the development of ROP and the incidence among Chinese infants with birth weight less than 1500 g, to provide a framework for reducing the incidence of ROP.
METHODS
We performed a retrospective cohort study that analyzed collected data on very low-birth-weight (VLBW) infants who were admitted at West China Second University Hospital between June 1, 2012, and December 31, 2015. All the infants underwent eye examination for ROP. Exclusion criteria were infants with severe congenital or chromosomal anomalies, infants who died before eye examination, and infants with incomplete data. The study followed to the tenets of the Declaration of Helsinki. The study protocol was approved by the medical ethics committee of West China Second University Hospital, and written informed consent was obtained from the parents of the infants.
The infants were examined by ophthalmologists, using indirect ophthalmoscopy according to the Royal College of Ophthalmologists ROP guideline. 10, 11 The infants were first examined at 4 to 6 weeks after birth. Subsequently, routine reexamination was performed every week depending on the retinal findings. ROP was classified according to the International Classification of ROP including the stage, zone, and presence or absence of plus disease. The antenatal maternal variables included maternal age, primigravidity, mode of delivery (cesarean or vaginal), singleton gestation, in vitro fertilization (IVF), gestational diabetes mellitus (GDM), preeclampsia (PE), intrahepatic cholestasis of pregnancy (ICP), preterm premature rupture of membranes (PPROM), chorioamnionitis, placenta previa, placental abruption, and antenatal steroid use. Neonatal risk factors included gestational age (GA), birth weight (BW), sex, apnea, RDS, bronchopulmonary dysplasia (BPD), pneumonia, sepsis, IVH, patent ductus arteriosus (PDA), acidosis, hypoglycemia, hyperglycemia, hyperbilirubinemia, invasive mechanical ventilation (MV), blood transfusions, and surfactant and dexamethasone administration.
Statistical analyses were performed using SPSS version 20 (SPSS, Inc., Chicago, IL, USA). Pearson's v 2 test and Fisher's exact test were used to compare categorical variables. Independent sample t-test was used for continuous data. Continuous variables were expressed as means and standard deviation. Multivariate logistic regression analysis was performed to identify the independent risk factors for ROP. All tests of hypotheses were 2-tailed. Statistical significance was defined as a P value < 0.05.
RESULTS
During the study period, a total of 535 preterm infants were screened, of whom 16 (3.0%) died before completion of ROP screening and 15 (2.8%) had insufficient clinical information; these 31 (5.8%) infants were excluded. The remaining 504 eligible infants were included in the analysis. The mean estimated GA of the infants was 30.6 6 2.3 weeks, the mean birth weight was 1251.7 6 185.1 g, and the sex distribution was 261 (51.8%) male and 243 (48.2%) female.
Distribution of Incidence of ROP
ROP of any stage was found in 131 (26.0%) infants: 94 had zone III disease, 27 had zone II disease, and 5 had zone I disease; 88 had stage 1 (67.2%), 27 had stage 2 (20.6%), 11 had stage 3 (8.4%), 5 had aggressive posterior ROP (3.8%); none of the neonates presented ROP at stage 4 or 5. The analysis by GA showed that the incidence rates of ROP and stage 1 ROP were 30.5% and 20.4% in infants with GA < 32 weeks, significantly higher than in infants with GA ‡ 32 weeks (13.9% and 9.5%, respectively). The analysis by BW showed that the incidence rates of stage 2 ROP and stage ‡3 ROP among infants with BW < 1000 g were higher than that among infants with BW ‡ 1000 g (P < 0.05) ( Table 1 ).
Maternal and Neonatal Risk Factors for ROP
Univariate and multivariate analyses were conducted to identify the factors associated with ROP and the results are summarized in Table 2 . We found that increased rate of IVF was associated with the development of ROP (P < 0.05), and maternal ICP was lower among infants with ROP than in infants without ROP (P < 0.05). However, there were no differences in maternal age, primigravidity, cesarean delivery, singleton gestation, GDM, PE, PPROM, chorioamnionitis, placenta previa, placental abruption, and antenatal steroid use. We then analyzed neonatal factors contributing to ROP. The mean GA and BW in infants with ROP (29.7 6 1.9 weeks, 1209.0 6 186.1 g) were significantly lower than in those without ROP (30.9 6 2.3 weeks, 1266.7 6 182.7 g) (P < 0.05). GA < 32 weeks, male sex, apnea, RDS, BPD, sepsis, PDA, and hyperglycemia were found to be statistically associated with ROP (P < 0.05). Finally, we assessed the relationship between treatment modalities and ROP. We found that blood transfusion, invasive MV, and surfactant and dexamethasone use were significantly associated with ROP. However, the incidence rates of pneumonia, IVH, acidosis, hypoglycemia, and hyperbilirubinemia were not significantly different between the two groups. IVF was the only prenatal risk factor for ROP, so we further analyzed the characteristics of infants with IVF (Table 3) . Compared to infants without IVF, the mean maternal age and the rates of multiple birth and stage 1 ROP were significantly higher, but the mean GA and the rate of maternal age <25 years old were lower among infants with IVF (P < 0.05). The mean BW was not statistically different between the two groups. Then, among all IVF infants, the mean GA and BW were significantly lower in infants with ROP than that in infants without ROP (P < 0.05).
Maternal and Neonatal Characteristics According to the Staging of ROP
According to the staging of ROP, we divided infants with ROP into three groups and analyzed their characteristics (Table 4) . Compared to infants without ROP, the rate of IVF was higher only in infants with stage 1 ROP; the rate of maternal age between 30 and 35 years old was higher only in infants with stage 2 ROP (P < 0.05). The mean GA of ROP, regardless of any severity, was lower than that of the no-ROP group, and the lowest mean GA was 29.0 6 1.9 weeks in infants with stage 2 ROP. The mean BW was lower among infants with stage ‡2 ROP as compared to infants without ROP. Then, compared to infants without ROP, the rates of apnea, BPD, surfactant use, and blood transfusion were higher among infants with ROP of any stage; the rates of RDS and hyperglycemia were higher among infants with stage 1 ROP and stage ‡3 ROP; the rates of dexamethasone use and invasive MV were higher in infants with stage ‡2 ROP (P < 0.05). Compared to the stage 1 ROP group, infants with stage 2 ROP were associated with higher rates of BPD and blood transfusion; infants with stage ‡3 ROP were associated with higher rates of BPD and dexamethasone use (P < 0.05). There was no statistical difference between the stage 2 ROP group and the stage ‡3 ROP group. 
DISCUSSION Distribution of ROP in VLBW Infants
The incidence of ROP of any stage among VLBW infants varies in different countries, and has been reported to range from 10% to 34% in Europe and America, 11 while our study showed an incidence of 26.0% in VLBW Chinese infants. Our findings were consistent with a study from Singapore by Shah et al. 12 that reported an incidence of 29.2%. In our study, the incidence of ROP among VLBW infants with GA < 32 weeks was 30.5%, similar to the incidence reported in Saudi Arabia (37.4%) by Binkhathlan et al. 13 The incidence of stage ‡3 ROP in our study was 3.2%, significantly higher in infants delivered at <32 weeks or with BW < 1000 g and consistent with the findings of other Chinese studies.
14,15 Moreover, no infant had stage 4 or stage 5 ROP in our study. With the increased awareness of the risk of blindness caused by ROP, the Chinese Ministry of Health guidelines for the prevention and treatment of ROP were published in 2004. 16 Strict indications and reasonable concentration and time of oxygen inhalation are the most important measures to prevent VLBW infants from developing severe ROP. 16 Otherwise, laser photocoagulation or cryocoagulation is performed within 72 hours after diagnosis of threshold ROP in any zone or prethreshold ROP in zone I. 17 
Maternal Obstetric Factors and ROP
In our study, maternal obstetric factors such as IVF, PE, ICP, and others were studied. However, only IVF showed a statistically significant correlation with ROP. After adjusting for confounding factors, IVF increased the risk of ROP by approximately two times, consistent with some domestic and international studies. 14, 18 Watts and Adams 18 showed that assisted conception using IVF rather than gonadotrophin stimulation appears to be the major risk factor for the development of threshold ROP. Yau et al.
14 also found that IVF was an independent risk factor for type 1 ROP (OR ¼ 6.17; 95% CI 1.15-45.83). In this study, IVF was associated with lower GA, which was the main cause of ROP. Multiple birth caused by IVF and factors related to infertility, such as advanced maternal age and abortion, might be primarily responsible for very premature birth. 19 Otherwise, insulin-like growth factor (IGF) is a kind of retinal cytoprotective factor and plays a role in the development of the retina. 20 A few studies have reported that IVF pregnancy with higher serum level of IGF may predict better oocyte quality or the success of embryo implantation. 21 Thus, the level of IGF in IVF pregnant mothers may have an impact on ROP, which has not been previously evaluated. In this study, IVF mainly increased the risk of stage 1 ROP, inconsistent with the results of previous studies. 14, 18 We did not find any significant association between ROP and PE for VLBW infants. Previous studies on the relationship between PE and ROP have produced conflicting results. [22] [23] [24] [25] [26] Gebes çe et al. 22 reported that maternal PE was an important risk factor for ROP (OR ¼ 3.200; 95% CI 1.002-11.535). Zayed et al. 23 also found that PE was associated with larger avascular areas or higher severity scores in the retina, but the mechanism was unclear. On the other hand, some studies indicated that maternal PE significantly reduced the incidence of ROP in preterm infants. 24, 25 They demonstrated that mothers with PE have increased circulating soluble vascular endothelial growth factor (sVEGF) receptor-1. Soluble VEGF receptor-1 can also prevent the signaling of VEGF to its membrane receptor, thus decreasing ROP. 24 However, a metaanalysis involving 19 studies showed no significant association between gestational hypertensive disorders and ROP. 25 It was estimated that the small sample size and lack of control for known risk factors and clear definitions of outcomes may be the causes of this disagreement. Therefore, the effect of PE on retinal development in premature infants remains to be further studied.
Neonatal Factors and ROP
It is well known that low GA and BW are both strong predictors of ROP. In our study, the mean GA was 29.7 weeks among infants with ROP, significantly lower than that among infants without ROP. When GA was less than 32 weeks, the risk of ROP doubled. Low GA might reflect the immaturity of retina at birth and the retinal vulnerability to injury. Furthermore, immature GA could increase infants' exposure to adverse extrauterine factors (i.e., oxygen and infection) contributing to the risk of ROP. 27 The mean GA was the lowest in infants with stage 2 ROP, so the rates of their BPD, sepsis, and blood transfusion were also the highest. Moreover, we did not find that BW < 1000 g was an independent risk factor for ROP. All of our subjects were VLBW infants, so the impact of BW on ROP was not significant.
Various studies have reported that neonatal respiratory disease and related treatments are closely related to the occurrence of ROP. 21, [28] [29] [30] In this study, the risk of ROP development was five times higher in infants with BPD, similar to the findings by Gebes çe et al. (OR ¼ 5.952; 95% CI 2.030-17.447). 22 Also, BPD was found to be the most powerful risk factor for the development of ROP and a strong predictor of the severity of ROP in our study. The lungs of VLBW infants are usually immature, and so they most often require continuous oxygen treatment for a period of time, sometimes at high oxygen concentrations. 28 In vitro tests have shown that the immature retina is extremely sensitive to high concentrations of oxygen, which is the major cause of vasoconstriction of immature vessels. 29 After stopping oxygen inhalation, the retinal tissue will be hypoxic due to vasoconstriction, which can lead to the upregulation of VEGF. 29 VEGF can stimulate retinal angiogenesis and plays an important role in the pathogenesis of ROP. 29 Moreover, some studies have reported that significant changes in blood oxygen saturation resulting from apnea and oxygen therapy can also increase the risk of ROP through the above mechanism. 30 In our study, apnea was an independent risk factor for ROP.
Several studies have implicated infection in the development of ROP. A systematic review and meta-analysis of eight studies indicated that systemic fungal infection was closely related to the occurrence of any stage of ROP in VLBW infants. 31 Lundgren et al. 32 reported that multiple infectious episodes, including sepsis, C-reactive protein level > 10 mg/L, and other clinical signs of infection, were associated with aggressive posterior ROP. In our logistic regression analysis, the risk of ROP in VLBW infants with sepsis doubled. The effects of infection on the retina have been reported. [33] [34] [35] A possible explanation could be that systemic proinflammatory cytokines might exert a direct effect on retinal neovascularization via inflammation-regulated VEGF production. 34 Liu et al. 35 indicated that hypotension and fluctuation of oxygen saturation following sepsis might affect the retinal perfusion and lead to retinal ischemia. Thus, the contribution of sepsis to the development of ROP is reasonable and deserves more attention.
Similar to other studies, PDA was an independent risk factor of ROP in this study. Mitsiakos and Papageorgiou 36 reported that hemodynamic instability, brought about by open ductus arteriosus, and the more prolonged ventilatory support were both involved in the occurrence of ROP, 36 while Tsui et al. 37 indicated that PDA was closely related to BPD and blood transfusions, which may explain its impact on ROP. Furthermore, indomethacin for the treatment of PDA may also contribute to the occurrence of ROP. Beharry et al. 38 found that indomethacin could influence retinal neovascularization through a VEGF-driven pathway in animal models. In our study, PDA was mainly associated with early-stage ROP. This may be related to the timely treatment of PDA in the early days after birth.
It is interesting to note that male sex was significantly associated with ROP in the univariate analysis (OR ¼ 1.612; 95% CI 1.075-2.415) and in the multivariate analysis (OR ¼ 1.606; 95% CI 0.988-2.612). Previous studies have shown that male sex is associated with worse respiratory outcomes, such as RDS and BPD, as well as IVH and ROP. 39 Lingappan et al. 40 thought that hormonal, physiological, and developmental differences between males and females might lead to sexspecific outcomes; recently, there have been fewer studies on this topic. The effects of sex difference on fetal and later infant retinal vascularization need further evaluation.
Neonatal Treatments and ROP
Accumulating evidence indicates that ROP is a disease caused by multiple factors, including treatment measures after birth.
In our multivariate analysis, we found that blood transfusion was an independent risk factor for ROP. Since blood transfusion was first proposed as a risk factor for ROP, several studies in this regard have been conducted. 7, 36, 41, 42 Different hypotheses have been proposed to explain this association: (1) Blood transfusion of preterm infants with adult-type hemoglobin having a lower oxygen affinity causes excess oxygen release in the retinal tissue 7 ; (2) due to low levels of plasma transferrin and immature antioxidant systems in preterm infants, iron overload after transfusions will catalyze reactive oxygen species reactions and form free oxygen radicals. Free oxygen radicals can cause lipid peroxidation, DNA damage, and ROP by attacking membrane phospholipids. 41, 42 On the other hand, in most of the recent studies, blood transfusion has no longer been associated with the development of ROP after multivariate logistic regression analyses, possibly due to the fact that other concurrent risk factors placed these infants in the high-risk group. 43 Therefore, it is very important to adjust the relationship between complex risk factors in future studies.
In this study, postnatal dexamethasone use was significantly higher among infants with ROP, especially those with stage ‡2 ROP, but there was no association between them in the multivariate analysis, consistent with previous studies. 44, 45 The mean GA among infants with ROP was significantly lower than that among those without ROP. Therefore, it is reasonable that those smaller infants were more vulnerable to illness and required dexamethasone, mechanical ventilation, and other treatments. However, some studies have reported contrary findings. A protective effect of dexamethasone on the severity of ROP was observed by Higgins et al. in 1998 . 46 There are no clinical studies proving this hypothesis. Only animal models showed that steroids could inhibit preretinal and subretinal neovascularization. 46 Also, Haroon Parupia and Dhanireddy 47 reported that postnatal steroid use was an independent risk factor for severe ROP, and it may be associated with a high risk of fungal infection among infants who undergo treatment with dexamethasone. These controversial results may be attributable to the adjustment of different risk factors and different timing and courses of dexamethasone use.
Limitations
Our study had its limitations. First, our sample size was relatively small and cannot be generalized to all VLBW infants born in China. Second, our data were inconsistent due to the retrospective nature of this study, although we made efforts to exclude infants with incomplete clinical data. Nevertheless, this study provides important data on the incidence and risk factors of ROP in the Chinese population using strict ROP screening guidelines. This serves as a basis for future prospective multicenter trials.
